We analyzed the expression of high in normal-1 (HIN-1), a putative breast tumor suppressor gene, and uteroglobin related protein-1 (UGRP-1), a homologue of HIN-1, in adult and developing mouse tissues. Highest HIN-1 and UGRP-1 expression is detected in the lung, while lower level HIN-1 expression is also detected in the stomach, heart, small intestine, uterine and mammary glands. The expression of both genes was detected only at E17.5-18.5 and the HIN-1 messenger RNA was localized to the epithelia of the trachea, bronchi, and uterine glands. The expression of HIN-1 is up-regulated during retinoic acid induced differentiation of bronchial epithelial cells. We also identified two putative Drosophila HIN-1 homologues. The expression of HIN-1 is restricted to terminally differentiated airway epithelial cells in vivo and in vitro implicating HIN-1 in the acquisition or maintenance of terminally differentiated epithelial phenotype. q
Results and discussion
High in normal-1 (HIN-1) was identified as a gene silenced by methylation in the majority of breast carcinomas . Subsequently a related gene, uteroglobin related protein-1 (URGP-1) was described as a target of the Nkx2.1 homeogene (Niimi et al., 2001) . Based on amino acid sequence and predicted structure, both proteins belong to the secretoglobin family (Singh and Katyal, 2000) . Therefore, HIN-1 and UGRP-1 are now also named as SCGB3A1 and SCGB3A2 for secretoglobin 3A1 and 2, respectively (Klug et al., 2000) . Although the in vivo function of HIN-1 is unknown, its silencing in breast carcinomas and decreased colony growth following its overexpression suggest a tumor suppressor role . In order to gain insight on the physiologic role of HIN-1 we analyzed its expression during mouse embryonic development and identified two putative Drosophila HIN-1 homologues.
Previous results demonstrated that the expression of HIN-1 in humans is restricted to organs composed of branching epithelia .To determine if the expression of UGRP-1 overlaps with that of HIN-1, we analyzed the expression of both genes in various adult and developing human and mouse organs by northern blot hybridization (Figs. 1A-C). In adult organs, UGRP-1 exhibits a lung and trachea specific expression in both species (Figs. 1A, B) . While the highest level of HIN-1 expression is detected in the lung, low level of expression was also detected in the heart, stomach, and small intestine in mouse (Fig. 1B) . The expression pattern of HIN-1 is not identical in mouse and human possibly due to interspecies differences. Correlating with this the promoter of the HIN-1 gene is different in the two species. During development HIN-1 and UGRP-1 expression is first detected in the lung at E17. H) , although low level of HIN-1 expression is detectable in E6.5 embryos (Fig. 1C) , messenger RNA (mRNA) in situ hybridization revealed that its source is likely to be contaminating uterine tissue (Figs.  2N,O) .
Northern analysis showed no HIN-1 and UGRP-1 expression in the mouse mammary gland (data not shown). To rule out low level of expression below the detection sensitivity of northern analysis, we analyzed the expression of HIN-1 and UGRP-1 by reverse transcriptase-polymerase chain reaction (RT-PCR) in the mouse mammary gland at different stages (Figs. 1D,E). Consistent with the importance of HIN-1 in human breast carcinomas, both HIN-1 and UGRP-1 are expressed in the mouse mammary gland. Specifically, the expression of UGRP-1 is up-regulated in early gestation then becomes undetectable after day 10.5 post coitum (p.c.). In contrast, after the initial up-regulation, HIN-1 expression was maintained at a lower level throughout gestation and lactation, followed by a second increase during involution (Figs. 1D,E). The differences observed in the expression of HIN-1 in mouse and human mammary glands (especially during pregnancy )) could be due to interspecies differences or due to dissimilarities in reproductive factors (hormones, parity, menstrual cycle, etc.) between mice and women.
Since in normal human mammary epithelial cells and in breast carcinomas the expression of HIN-1 correlated with that of C/EBPd (CCAAT/enhancer binding protein delta; Porter et al., 2001) , we also analyzed the expression of this transcription factor to determine if C/EBPd could be a regulator of HIN-1. Although C/EBPd was detected in the organs at the developmental stages that expressed HIN-1, its mRNA levels did not strictly correlate with that of HIN-1 (Figs. 1B-E) .
Previous data indicated that in the human mammary gland HIN-1 expression is restricted to luminal mammary epithelial cells . To further analyze the expression of HIN-1 at the cellular level in the mouse, we performed mRNA in situ hybridization of adult lung, trachea and mouse embryos during different stages of embryogenesis (Figs. 2A-O and data not shown). HIN-1 is highly and specifically expressed in the epithelium lining the trachea and bronchi both in the adult and E17.5-18.5 mouse lung ( Figs. 2A-L) . Similar to uteroglobin, HIN-1 was expressed in the glands of the pregnant mouse uterus (Figs. 2N,O ). We were unable detected HIN-1 expression by mRNA in situ hybridization in the heart, stomach, and mammary gland (data not shown). This could be due to low HIN-1 expression below the sensitivity of the technique used.
The pattern of HIN-1 expression in adult and developing embryos associates HIN-1 with terminally differentiated epithelial phenotype. Therefore, we analyzed the expression of HIN-1 by RT-PCR during retinoic acid induced mucinous differentiation of primary normal human bronchial epithelial (NHBE) cells (Fig. 3) . In the absence of alltrans retinoic acid NHBE cells show squamous phenotype and express squamous cell markers such as transglutaminase I (Tgase I) (Fig. 3) . Following retinoic acid treatment in an air-interface culture NHBE cells undertake a mucinous phenotype where Tgase I is down-regulated and MUC2, a gene specific for the mucinous phenotype is up-regulated (Fig. 3) (Koo et al., 1999) . In this in vitro differentiation system the expression of HIN-1 correlated with the loss of a Tgase I and preceded the induction of MUC2.
In addition to mouse homologues we identified two uncharacterized Drosophila proteins (Drosophila genes CG13068 and CG13674) that showed limited (,30%) homology to human HIN-1 and UGRP-1 (Fig. 4A) . The identification of these putative HIN-1/UGRP-1 homologues is particularly interesting, since to date no secretoglobins have been identified in non-mammalian species. The relationship of these Drosophila proteins to members of the secretoglobin family is depicted in Fig. 4B .
In summary, the expression of HIN-1 is restricted to terminally differentiated airway epithelial cells in vivo and in vitro implicating HIN-1 in the acquisition or maintenance of terminally differentiated epithelial phenotype.
Experimental procedures

Cell lines and mouse tissues
NHBE cells were purchased from Clonetics (Walkersville, MD) and were cultured in the presence or absence of 1 mM all-trans retinoic acid essentially as described by (Koo et al., 1999) . Mouse organs and embryos were collected following protocols approved by the institutional Animal Care and Use Committee.
RNA preparation, northern blot, and RT-PCR analysis
RNA was prepared, northern blot, and RT-PCR analysis was performed as described by Krop et al. (2001) .
mRNA in situ hybridization
Digitonin-labeled mouse HIN-1 riboprobes were generated and mRNA in situ hybridization were performed as previously described by Qian et al. (2001) . 
